the 2013 fiscal year. 6 Hospitals at which Medicare riskadjusted readmission rates are greater than the national average are at risk for losing reimbursements. Although this penalty will initially be applied to only 3 conditions (acute myocardial infarction, heart failure, and pneumonia), public reporting of all unplanned hospital-wide readmissions is now required by the Centers for Medicare and Medicaid Services for posting on the Hospital Compare website (www.hospitalcompare.hhs.gov).
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These policies addressing all-cause readmissions necessitate a better understanding of the factors that influence readmission. Although extensive literature about readmission attributed to particular conditions, especially congestive heart failure, is available, there remains a paucity of research on readmissions within neurosurgical practices. A recent, single-institution study measuring neurosurgical outcomes after more than 5000 procedures reported rates of major complications but did not include readmissions. 23 The remaining information is limited to cohorts undergoing spine surgery, for whom reported 30-day readmission rates range from 4.2% to 9.1%. In all studies that we found, the most common reason for readmission was infection. 2, 7, 15, 24 To elucidate the rate, reason, and predictors of readmissions at a tertiary/quaternary neurosurgical service, we studied 30-day readmissions to the Department of Neurosurgery at two of the University of California, Los Angeles (UCLA), Health System hospitals after index admission over a 3-year period. Such analyses are critical for defining the problem so that the area to target for quality improvement within neurosurgery can be identified.
Methods
Using administrative data for May 2009 through May 2012, we retrospectively identified adult and pediatric patients who had undergone a major neurosurgical procedure at UCLA Ronald Reagan Medical Center or UCLA Santa Monica Hospital, irrespective of admission or discharge service, and who had been readmitted to either hospital within 30 days. We included operative and nonoperative readmissions to any service within these 2 hospitals. We did not track readmissions to other hospitals. We excluded patients who had undergone neurointerventional radiology procedures, placement of external ventricular drains, and intracranial pressure monitoring. We also excluded patients who had been readmitted for staged/scheduled surgeries or chemotherapy.
The clinical practice at the 2 facilities consisted of 21 attending neurosurgeons with expertise in various neurosurgical subspecialties, including pediatric, oncology, cerebrovascular, traumatic brain injury and neurocritical care, skull base and pituitary, epilepsy, stereotactic and functional, adult hydrocephalus, spine, and peripheral nerve subspecialties.
For the study period, 2 physicians independently reviewed the hospital charts of each readmitted patient and obtained information about demographics, follow-up evaluations, diagnosis, major operations performed, and length of stay during index admission and readmission. Reasons for readmission were broadly categorized into surgical complications (for example, device malfunctions, surgical infections, and CSF leak), medical diagnosis/ complications (for example, deep venous thrombosis/pulmonary embolism, nonsurgical infections such as pneumonia or urinary tract infection, and medication adverse effects), problem associated with the original diagnosis (for example, progression or recurrence of tumor, development of hydrocephalus), neurological decompensation (for example, stroke or seizure), pain management, and miscellaneous (for example, unrelated surgical diagnoses such as hip fracture or cholecystitis, psychiatric admissions, and "social" admissions). To further characterize the data, we performed subgroup analysis and in-depth chart review.
Results
Abstraction of administrative data indicated that among 5569 major neurosurgical procedures performed from May 2009 through May 2012, there were 365 readmissions (6.9%) within 30 days. Of these, 302 cases consisted of different patients readmitted during this period, and the remaining cases consisting of patients who were readmitted more than once. The average age of readmitted patients was 41.3 years, and the percentages of male and female patients were almost equal (51.5% and 48.5%, respectively). The average length of stay for the initial hospitalization was 10.2 days (Table 1) . During the index admission, 25 patients underwent more than 1 operation.
Among readmitted patients, the most common diagnosis at the index admission was brain tumor (102 patients), of which glioma was the most common pathological diagnosis (43 cases). During the study period, we detected a total of 692 distinct discharges after a craniotomy for tumor, giving a readmission rate of 14.7%. The next most frequent diagnosis at index admission was CSF shunt malfunction (63 cases) ( Table 2 ). Among patients with a diagnosis of brain tumor, the most common reasons for readmission were seizure (n = 12), CSF leakage (n = 9), and hydrocephalus (n = 7). The most common neurosurgical procedure performed during the index admission was CSF shunt placement/revision (n = 127) followed by craniotomy for resection of tumor (n = 78 [71 supratentorial and 7 posterior fossa]). During the index admission, 29 reoperations were performed. After discharge, 73% of patients visited a health care provider within 2 weeks.
Reasons for readmission were divided into broad categories: surgical complication (50.1%), medical diagnosis/ complication (28.2%), problem associated with the original diagnosis (7.9%), neurological decompensation (6.3%), miscellaneous (4.7%), and pain management (2.7%) ( Table  3) . A total of 40.3% of patients were readmitted within 7 days, and 69.6% were readmitted within 14 days. The average length of stay during readmission was 8.3 days, and 30.4% of patients were discharged within 72 hours.
The most common source of admission was the emergency department (71.0%), followed by home/clinic (14.8%), non-UCLA acute care facility (11.2%), and nursing/rehabilitation facility (3.0%). Of the 365 patients who were readmitted, 136 (37.3%) required a major operation during their stay. Among patients in the surgical complication group, the most common reasons for readmission were associated with CSF shunts (77 patients) ( Table 4) . During the study period, 700 patients were discharged after a CSF shunt procedure, giving a readmission rate of 11%. Of the shunt-related readmissions, 43 patients were children and 34 were adults. Among the adult study population, shunt malfunction was most commonly attributed to misplacement of the distal catheter (7 of 34). Of these 7 patients, 5 had a history of ventriculoperitoneal shunt placement and 5 had a history of major abdominal surgery. Shunt infections occurred in 11 patients (5 adults and 6 children). Of the 5 adult patients with shunt infections, 3 underwent shunt placement for symptomatic iatrogenic subdural hygromas after undergoing craniotomy for tumor resection.
The second and third largest subgroups within the surgical complications group were surgical site infections and CSF leaks (41 and 31 cases, respectively) ( Table 4) . Of the 41 surgical site infections, 25 were cranial and 16 were spinal. The most common procedure complicated by a surgical site infection was craniotomy for tumor resection (11 cases, 8 of which were gliomas). Among the 31 patients readmitted for CSF leakage, 10 had undergone retrosigmoid craniotomy/craniectomy during the index hospitalization. The CSF leak was complicated by infection in 6 patients (3 surgical site infection and 3 meningitis cases). Taking all infections together (medical and surgical), 106 cases were identified; the most common were surgical site infections (n = 41), followed by urinary tract infections (n = 15) and nosocomial meningitis (n = 13 cases) ( Table 5 ). For 4 patients, more than 1 site was infected.
The second largest readmission category was medical diagnosis/complication. The most common reasons for readmission were urinary tract infection (n = 14), deep vein thrombosis/pulmonary embolism (n = 10), pneumonia (n = 9), and nausea/vomiting (n = 9) (data not shown). Among those in the neurological decompensation and problem associated with original diagnosis groups, the most common diagnoses at readmission were seizure (15 cases) and hydrocephalus (12 cases), respectively. During the study period, no patients were readmitted for myocardial infarction or heart failure.
Discussion
Shah et al. recently published readmission data for a neurosurgery service at a major academic medical center over an 18-month period. 20 They found a readmission rate of 11.8%; in our study, we found a readmission rate of 6.9%. The discrepancy between these 2 reported rates might result from a number of factors, especially differences in study methods. We excluded from analysis patients who had undergone scheduled surgeries and staged procedures. If Shah et al. had excluded those who had undergone scheduled surgery, their reported readmission rate would be 8.3%. Additionally, we identified readmitted patients from a group of patients who had undergone a major neurosurgical procedure during their index hospitalization; Shah et al. did not select their cohort in this manner. By comparison, in the landmark study by Jencks et al., in which the authors examined readmissions among Medicare beneficiaries, nearly one-fifth (19.6%) of 11,855,702 patients studied were readmitted within 30 days. 11 When only discharges after hospitalization for a surgical procedure were considered, the 30-day readmission rate was 15.6%. In the available literature, reported rates for spine-related readmissions range from 4.2% to 9.1%. 2, 7, 15, 24 Although useful for analyzing and devising protocols to reduce readmissions within the spine subspecialty, the results of these studies have limited applicability to the practice of neurosurgery as a whole. Thus, our 30-day readmission rate seems lower than that reported by Jencks et al. but consistent with that reported by Shah et al. 20 The purpose of our study was to provide a basis for comparison and a foundation on which strategies for reducing neurosurgery readmissions can be formulated.
In our study, the most common reason for readmission was associated with recent CSF shunt placement; 21.1% (77) of 365 patients were readmitted within 30 days for a shunt placement-related complication. Of only those patients who had undergone CSF shunt surgery during the period examined, the 30-day readmission rate was 11% (77 of 700). Although this shunt readmission rate does not take into account the total number of shunt patients admitted and managed without surgery, it nonetheless provides a useful surrogate for comparison. Although no direct comparison for shunt readmission can be found in the literature, because our study included adult and pediatric patients, this finding is not unexpected. It is generally accepted that, at least among children, the failure rate for shunts is higher for the first 6 months and lower for the next 2 years. 8 McGirt et al. reported a rate of shunt failure during the 1st month of 14%. Other studies have shown that more that 30% of shunts fail within 1 year. 8, 16 The most common cause of early shunt failures among adult patients in our study was distal malfunction. This finding is contrary to previous findings that early failure is more commonly caused by proximal malfunction than by distal malfunction. 19 An explanation for this discrepancy is that "early" failure and failure within 30 days represent overlapping, but separate, groups. Thus, proximal obstruction, which takes some time to occur, is considered early failure but might not occur within 30 days of shunt implantation. Such a discrepancy could also be a result of the nature of the distal malfunction, which in our study was frequently attributable to misplacement of the distal catheter as opposed to obstruction. At our institution, peritoneal catheter misplacement without revision before discharge represents a systemic failure. We are addressing this issue by establishing an institutional protocol to help standardize CSF shunt implantation.
In our study, shunt infection represented 14.3% (11 of 77) of shunt-related readmissions; McGirt et al. reported that 45% of shunt failures within the 1st month resulted from infection. Among our adult patients, 3 of 5 shunt infections occurred in those with CSF shunts placed for treatment of symptomatic iatrogenic hygromas after prior craniotomy for tumor resection. The problem of iatrogenic hygroma after craniotomy for resection of intraventricular or paraventricular tumors has been reported to occur in 39% of patients undergoing such surgery and seems to occur most often in patients in whom (untreated) hydrocephalus develops or continues. 1, 22 The patients in our study all had associated hydrocephalus but also had CSF fistulas into the subgaleal space. Communication into the subgaleal space in proximity to a healing incision probably harbors indolent bacterial infection, thereby increasing the chance of shunt infection for these patients. Impaired wound healing might also have played a role; all 3 of these patients were receiving corticosteroids, and 2 received bevacizumab. Kestle et al. recently published a protocol for reducing CSF shunt infections in children and were able to decrease the absolute risk for infection by 3.15%.
14 Our previously mentioned institutional protocol also addresses the issue by standardizing best practices for prevention of shunt infection.
Surgical site infection accounted for 11.2% (41 of 365) of readmissions. In the study by Jencks et al., postoperative infection was the sixth most common reason (< 2.9%) for 30-day readmission within the surgical cohort (all surgical procedures). 11 The closest comparison can be made with the study by McCormack et al., in which surgical site infection accounted for 32% of 30-day readmissions after spine surgery. 15 Calculation of the overall surgical site infection rate for neurosurgery is beyond the scope of this study because we were not able to determine any cases of surgical site infection that may have been managed during the index admission, in an outpatient setting, or after the 30-day window. Similarly, CSF leaks accounted for 8.5% (31 of 365) of readmissions; retrosigmoid craniotomy/craniectomy was the most common index procedure leading to leakage. This finding, in general, is consistent with a known higher rate of CSF leak after posterior fossa surgery. the overall rate of readmission and in factors leading to readmission (for example, medical complexity, quality of outpatient care, and socioeconomic factors). 3, 9, 21 Despite broad differences between adult and pediatric populations, it is worth mentioning that in the study reported here, problems associated with CSF shunts were the most common reason for readmission for adult and pediatric neurosurgical patients. For determination of the extent to which our results can be generalized, we recommend replication of this work at other institutions.
Interventions that have been shown to effectively reduce rates of readmission and that are used by hospital organizations have largely originated from studying medical patients. For the most part, these interventions focus on discharge planning and coordination of care during patient transitions from hospital to home. 5, 10, 13, 17 Our retrospective review of 365 patients helps characterize the problem of readmission for neurosurgical services. Although interventions that improve the care coordination process might help to generally reduce readmission rates, it seems that within the neurosurgery specialty, avoidance of surgical complications in select groups may play a larger role. According to these results, high-yield areas for the development of targeted interventions to reduce neurosurgical readmissions would be CSF shunts, surgical site infections, and CSF leaks. Although Shah et al. concluded that neurosurgery readmissions are largely not preventable and therefore not a good marker for quality of care, 20 we believe that there are still areas in which improvements can be made.
Conclusions
Health care policy making has made the reduction of 30-day hospital readmissions a high priority goal for quality improvement. This study adds to the growing body of literature about readmissions and provides a different perspective on readmissions in the neurosurgical population than that of Shah et al. 20 The results reported here indicate the areas within our practice that are most amenable to improvement and that would most improve quality of care. For instance, establishing a CSF shunt protocol based on the best evidence available, including steps for reducing distal and proximal complications, could substantially lower CSF shunt-associated readmissions. This approach of analyzing health care quality metrics and devising protocols to improve outcomes should be considered feasible for all neurosurgical practices. 
